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1. Introduction 
1.1 Liver transplantation relevance 
Liver transplantation is a surgical technique designed for the treatment of patients suffering 
from end stage liver disease and who would not otherwise have a chance to survive. After 
the first liver transplantation, performed by Thomas Earl Starzl on the first of March, 1963 in 
Denver, Colorado, thousands of procedures have been performed all around the world. 5300 
liver transplantations were performed in the USA during 2002 and 5142 in Europe. The 
European liver transplantation registry has 93634 transplantations registered until December 
2009 (www.eltr.org). 
The evolution of liver transplantation was not easy initially, and survival was inferior to one 
year until 1967. Liver transplantation was not considered as the gold standard treatment for 
end stage liver diseases by National Institutes of Health until 1984 (National Institutes of 
Health Consensus Development Conference on Liver Transplantation, 1984). Two years 
later, this procedure was included by the Public Health department of the USA as a 
treatment modality (U.S. Department of Health and Human Services, Public Health Service, 
Health Resources and Services, 1986). 
2. Principles and techniques for liver transplantation 
Orthotopic liver transplantation requires total hepatectomy and substitution of the native 
liver by another one in the right hypochondrium. Vascular reconstruction is needed for the 
inferior vena cava, portal vein, and the hepatic artery. Biliary reconstruction is also needed, 
by either an end to end biliary anastomosis or a biliodigestive anastomosis. 
Classic technique for orthotopic liver transplantation requires resection of the intrahepatic 
part of the inferior vena cava, and the use of a veno-venous bypass to keep venous return to 
the heart. This technique has a considerable morbidity and mortality in some cases, and can  
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be avoided if resection of the inferior vena cava is not done, preserving it during the 
procedure. 
3. Anatomy of hepatic veins 
Couinaud described eight segments of the liver in which each segment has an independent 
vascular inflow and outflow and biliary drainage. Based on the location of the hepatic veins, 
the right liver is divided into the anterior section (segments V and VIII) and the posterior 
section (segments VI and VII). On the left, the falciform ligament demarcates the left lateral 
section (segments II and III) from the left medial section (segment IV). The caudate lobe 
(segment I) lies anterior to the IVC. 
The venous drainage of the liver is through the hepatic veins that ultimately coalesce into 
three hepatic veins that drain into the IVC superiorly. The left and middle hepatic veins may 
drain directly into the IVC but more commonly form a short common trunk before draining 
into the IVC. The right hepatic vein is typically larger, with a short extra hepatic course and 
drains directly into the IVC. Additional drainage occurs directly into the IVC via short retro 
hepatic veins and, on occasion, an inferior right accessory hepatic vein. The hepatic veins 
within the parenchyma are unique in that, unlike the portal venous system, they lack the 
fibrous, protective, encasing the Glisson capsule (Ger, 1989)  
The liver has a rather constant anatomic pattern, the knowledge of which allows for a safe 
surgical approach. There are some anatomic irregularities, in these cases a computed three-
dimensional reconstruction of anatomic detail is possible following computed tomographic 
or magnetic resonance imaging contrast scan. Software packages are currently available that 
allow for the mapping of the individual anatomy as well as for the calculation of volumes 
corresponding to the whole liver, liver sectors, and segments (Molmenti, 2007) 
Ultrasonography facilitates intraoperative mapping of the internal anatomy of the liver. The 
portal venous anatomy can readily be identified by the hyperechogenic Glisson capsule 
surrounding the portal veins, whereas the hepatic veins lack this. 
The IVC maintains an important and intimate association with the liver as it courses in a 
cranial-caudal direction to the right of the aorta. As the IVC travels cranially, it courses 
posterior to the duodenum, pancreas, porta hepatis, caudate lobe, and posterior surface of 
the liver as it approaches the bare area where it receives the hepatic venous outflow from 
the hepatic veins. Multiple small retro hepatic veins enter the IVC along its course, mostly 
from the right hepatic lobe. Hence, in mobilizing the liver or during major hepatic 
resections, it is imperative to maintain awareness of the IVC and its vascular tributaries at 
all times (Abdel-Misih, 2010) 
4. Recipient implantation 
In the Classic technique of orthotopic liver transplantation (OLT) the retrohepatic inferior 
vena cava (IVC) is included in the hepatectomy of the native liver (Starzl, 1968). To limit the 
hemodynamic complications associated with complete caval clamping, the routine use of 
the veno–venous bypass (VVB) was accepted particularly in noncirrhotic patients. (Shaw, 
1984). Although VVB has been proposed in order to reduce these hemodynamic disorders it 
is associated with high morbidity and increased operation time (Veroli, 1992 & Khoury, 
1987, 1990) 
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Preservation of the inferior vena cava (IVC) during orthotopic liver transplantation (OLT), 
described by Calne and Williams in 1968, was popularized in 1989 by Tzakis as the 
piggyback procedure (PB). The main advantages of this procedure were to avoid retrocaval 
dissection, to reduce the risk for bleeding and facilitate caval anastomosis in patients 
receiving large-for-size grafts (Tzakis, 1989 & Parrilla, 1999). 
5. Caval anastomosis 
Several methods of graft-to-inferior vena cava (IVC) implantation during orthotopic liver 
transplantation with preservation of the caval flow have been described. Large studies have 
shown that optimal outflow is essential to a successful piggyback procedure (Navarro & 
Parrilla, 1999). In the series by Tzakis (Tzakis, 1989) the caval anastomosis was performed 
between the supra hepatic part of donor IVC and the common orifice of all three hepatic 
veins or the common orifice of two hepatic veins (left and middle or right and middle). This 
is the so-called PB technique. 
In 1992, Belghiti developed a technique of caval anastomosis in a side-to-side fashion 
(Belghiti, 1992). In this technique, both ends of the donor IVC are closed. Anastomosis is 
made between two newly created openings: one on the anterior wall of the recipient IVC 
and one on the posterior wall of the donor IVC , but because of insufficient exposure during 
implantation of large grafts and to facilitate postoperative trans-jugular biopsy, they used an 
end-to-side fashion after 1993. (Belghiti, 1995) 
The third type of caval anastomosis is the end-to-side (ES) technique and can be found in the 
literature some modifications of this technique. Cherqui et al. described in their series, the 
distal end of the donor infra hepatic IVC was closed and the anastomosis was made between 
the end of the donor supra hepatic IVC and a longitudinal incision on the anterior wall of 
the recipient IVC. Additionally, a temporary portocaval shunt was routinely used (Cherqui, 
1994). Other authors report several variations of the technique, the middle and left hepatic 
veins are exposed and a Satinsky side clamp is applied to the caval side with partial IVC 
occlusion. The middle and left hepatic veins are divided, and the recipient liver is removed. 
A single hepatic venous outflow orifice is created from the middle and left hepatic venous 
trunks, and this orifice can be extended caudally (Fleitas, 1994 & Belghiti, 1995). 
Some authors suggest that the technique the 3-vein appears to be the most physiological 
way of achieving this goal. Although it has often been mentioned, the approach to creating a 
large 3-vein stoma without complete occlusion of the IVC is difficult. As Tayar reported 
(Tayar, 2011), anastomosis of the graft IVC to the joined orifice of the 3 main hepatic veins 
with partial caval occlusion was first mentioned by Lazaro (Lazaro, 1997). 
PB technique can be associated with some disadvantages and complications, including 
hepatic venous outflow obstruction (Cescon, 2005) and thrombosis in up to 10%, because of 
the inappropriate size of the hepatic vein outlet, which results in venous congestion of the 
liver allograft. This congestion increases the chance of post-transplant ascites and Budd-
Chiari syndrome (BCS) (Bilbao & Cirera, 2000; Mehrabi, 2009) 
6. History of the “piggyback” technique 
During the 5th and the 6th decade of 20th century, two pioneers in liver transplantation, 
Francis Daniels Moore and Thomas Earl Starzl, in Boston and Chicago respectively, were 
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trying to perform with success an experimental transplantation. Unfortunately, their model 
in dogs, did not tolerate blood flow interruption neither at the IVC, nor at the portal vein 
because they supposed half of the venous return of the animal. Bypass dispositive had to be 
developed to avoid the hemodynamic compromise that the total hepatectomy supposed in 
the animal (Moore, 1959) and, in the end, they were included as routine tools for 
transplantation surgery in the first era. Nevertheless, Calne and Starzl noticed that in human 
adults, it was not always necessary to bypass neither portal nor inferior cava vein blood 
flow during the anhepatic phase of the transplantation (Calne, 2008). 
Liver transplantation with IVC preservation was first performed by Sir Roy Calne in 
February 1968, at the Addenbrooke´s Hospital in Cambridge (UK) (Calne, 1968). Patient was 
a 46 year old female suffering from cholangiocarcinoma and donor was a 5 year old child 
that had virus related encephalitis. Because of the anatomical difference, Calne had to drain 
liver graft to the supra hepatic veins of the patient, completely preserving inferior cava vein 
during the procedure. The patient survived for 11 weeks, and it was the 3rd liver 
transplantation in Europe, and the 19th all around the world. 
Later, Tzakis and cols. (Tzakis, 1989) described this technique in 24 cases, in the early 1988 
with an indication index of 19%. They reported a greater technical difficulty of the 
procedure, the possibility of affected margins in the oncological indications at that moment, 
and a case with transitory thrombosis of the infra hepatic remnant cava vein, not 
recommending the routine use of inferior cava vein preservation. 
7. Our technique for venous outflow drainage in orthotropic liver 
transplantation 
In order to avoid the use of veno-venous bypass and to routinely preserve the IVC in our 
liver transplantation program, we adjusted our technique to the anatomical differences in 
the venous drainage of the liver. We designed our own model as follows (G. Fleitas, 1994): 
7.1 Total hepatectomy with complete preservation of the IVC 
Once identified and isolated, the liver pedicle elements are dissected adequately. With the 
vascular exclusion performed, we practice complete section of the falciform and triangular 
ligament in order to expose the confluence of the right hepatic vein and the left set (medial 
and left hepatic veins that usually drain together). After that, through the cavo-hepatic 
space, we perform a caudo-cranial dissection of the caudate lobe, with selective ligation of 
the hepatic veins. Their number varies, but the lesser the caliber, the greater the number is. 
The presence of a greater “inferior hepatic vein” that drains segment VI is very frequent. 
Usually, dissection extends by the left side of the IVC; dividing IVC and the caudate lobe 
until the arcuate ligament of the cavodiaphragmatic hiatus, very close to the mouth of the 
left phrenic vein, which usually has no venous drainage.  
Once this space has been dissected, and the anterior hepatic veins have been tied and cut 
(usually sagittal to the IVC) and inferior and medial part of caudate lobe is dissected 
(usually hypertrophied because of cirrhosis) it is possible to easily pass in between both 
hepatic veins, at their mouth in the IVC. We isolate and clamp the left venous set and cut it, 
leaving enough margins for a safe cavo-caval anastomosis. After this, usually the right 
hepatic vein mouth in to the liver is exposed at a coronal level of the IVC, approximately  
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Fig. 1. Dissection of the infrahepatic IVC and left caudate lobule 
 
Fig. 2. Suprahepatic left and middle hepatic veins dissection 
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3 cm. far from the left venous set, suturing it with a continuous 3/0 polypropylene. After 
that, the right triangular ligament is cut, and right side of the IVC is dissected, cutting the 
corresponding veins, until caudate lobe is completely free from the IVC. This is the way how 
total hepatectomy is completed. 
7.2 Carving liver graft drain mouth 
This is an essential part of our technique. During this part, we clean the IVC of the graft, 
removing the tissues that are around its supra hepatic portion, cutting it at a level next to the 
supra hepatic veins mouth, at the level of the phrenic veins mouth, leaving a vascular sleeve 
to avoid the supra hepatic veins mouth being involved in the anastomosis. 
 
Fig. 3. Schematic lateral caval vein clamping and final result 
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Fig. 4. Total Hepatectomy completed. Clamping of the left and middle hepatic veins 
 
Fig. 5. Inferior caval vein cavotomy 
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Fig. 6. Preparing liver graft. Infra hepatic caval vein stump partial closure 
 
Fig. 7. The outlet and the entire graft IVC prepared for implantation 
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7.3 Left supra hepatic veins set cavoplasty 
While monitoring hemodynamic parameters (Cardiac output and pressure at the inferior 
cava vein), we perform a lateral partial clamp of the cava vein, enough to carve a good 
venous sleeve made at the confluence of the left and medial supra hepatic veins, concordant 
in size to the graft venous sleeve made before. This clamping also allows temporal porto-
cava anastomosis in case it is required without hemodynamic damage. 
7.4 Inferior vena cavotomy 
In some cases, when a left venous set can not be well defined or does not exist, and replace 
by a group of tiny veins interfering with safe anastomosis with a good drainage, we perform 
a craneocaudal cavotomy “de novo” in the IVC, as close to the right atrium as possible to 
achieve a negative pressure that allows better venous drainage of the liver graft, particularly 
in cases of Budd-Chiari Syndrome. 
7.5 Enlargement of the venous outflow orifice of the graft 
In order to achieve wider drainage of the supra hepatic veins, caudal cavotomy can be 
performed in the medial posterior side of the graft IVC, until supra hepatic veins orifices can 
be easily seen. 
 
Fig. 8. Piggyback posterior side anastomosis close to right hepatic vein outlet 
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7.6 Graft implantation 
Once adequate corresponding anastomotic orifices are achieved, and while keeping the 
vascular clamp on the recipient side of the IVC, we perform end to side, cavo-caval 
anastomosis using continuous 3/0 polypropylene. The aim is to provide wide anastomosis 
trying to achieve good outflow drainage of the graft. The distal end of the graft IVC is left 
open to allow “washing” of the graft after reperfusion, once the porto-portal anastomosis is 
done. 
8. Advantages of the piggyback technique 
Although initial attempts at preservation of the inferior vena cava in orthotopic liver 
transplantation by Sir Roy Calne, the so-called piggyback (PB) technique, was not initially 
worldwide accepted, it has become the most commonly used procedure in liver 
transplantation. Twenty years were necessary for Tzakis to describe the technique and its 
advantages over the classical caval reconstruction technique. Progressively in the 90’s more 
transplant groups reported the utility and feasibility of the piggyback. 
In addition, some modifications of the initial technique has been described, as the latero-
lateral cavoplasty which added some benefits as well as the use of different types veno-
venous bypass or portocaval shunts. These two options are controversial, with some 
benefits and drawbacks, and are not widely used. (G. Fleitas, 1994; Ducerf, 1996; Lai & 
Vieira, 2011). 
The advantages of the piggyback come from the disadvantages of the classical technique, 
due to clamping of the IVC next to the diaphragm and above the renal veins, during the 
anhepatic phase. This results in decreased venous return to the heart and reduction in 
cardiac output by as much as 50% and in blood pressure (Vieira, 2011). On the contrary, 
PB technique preserves caval flow, reduces hemodynamic instability, the needs of 
transfusions with less hemorrhage and allows shorter ischemia and operative times as 
will be explained. 
During the anhepatic phase, the PB technique allows adequate venous return to the heart, 
which maintains the patient hemodynamics and renal venous outflow (Lázaro, 1997). Partial 
clamping of the cava at the level of the hepatic veins does not usually cause significant 
changes in the mean arterial pressure, IVC pressure, systemic vascular resistance index and 
cardiac index. The urine output before, during and after revascularization do not change 
significatly (G. Fleitas, 1994). Acute renal failure is less frequent (Sakai, 2010), and, 
cyclosporine or tacrolimus therapy can be started early. (Busque, 1998)  
The PB procedure shortens the time of the liver transplant procedure, specially the warm 
ischemia time. Most groups report that with PB, and its modifications, no porto-caval shunt 
is needed. Even though there may be some exceptions, (situations in which no porto-
systemic collaterals exist as fulminant hepatitis). The significant reduction in the time 
improves the patient and graft survival (Lai, 2011; Nishida, 2006; Busque, 1998). This 
permits early extubation and shorter intensive care unit stay. In fact there is a 30% shorter 
intensive care unit stay and a similar reduction in the overall hospital stay. Moreover, these 
advantages have an impact on total hospital charges for about 85% of the transplants 
procedures, with a significant mean reduction of $23500 (Hossein, 2000). 
www.intechopen.com




Fig. 9. Duplex-Doppler and CT Image showing the appearance of the normal caval stump. 
Yelow arrows pointing normal appearance of the graft caval stump and the black ones show 
the caval anastomotic outlet with adequate graft venous outflow drainage 
Comparing the classical and the PB techniques, the more extensive dissection involving the 
cava and suprarenal veins from the liver causes more profuse bleeding with the former 
technique. The latter is associated with less extentive dissection which shortens the 
procedure and reduces the blood loss (Vieira, 2011). According to this, several papers 
confirmed that PB technique decreases blood requirements (Busque, 1998; Hossein, 2000; 
Nishida, 2006), and therefore the incidence post-transfusion problems are much less. Other 
advantages of PB technique include, better maintenance of core body temperature, 
avoidance of external venous bypass which is usually required in the classical technique 
with its associated intraoperative coagulopathy and third-spacing of fluid are significantly 
reduced, and in turn, the needs for transfusion is reduced (Hossein, 2000)  
In addition, retransplantation may be easier if PB technique has been performed. Lateral 
clamping of the cava is again possible, and usually sufficient part of the wall of the IVC will 
be available for the anastomosis (Busque, 1998). This technique also makes easier to solve 
problems posed by mismatched recipient and donor IVC size, particularly in pediatrics, 
reduced-size, split, or living donor liver transplantation (Figueras, 2001; Calne, 1968). 
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In summary, adoptions of surgical techniques that minimize ischemia time, blood loss and 
shortens surgical times represent a surgical goal. PB technique seems to achieve the target. 
However some controversial points exist. General agreement is that PB technique can be 
used in almost any case of liver transplant. However, the exact procedure whether latero-
lateral cavoplasty or bypass porto-caval shunt, remains unclear or at least, lacks of definitive 
evidence. As pointed out by (Gurusamy, 2011) in a Cochrane review, there are very few 
prospective randomized papers comparing the classical with the PB technique and the 
existing ones present important bias. According to this paper no important differences exist 
between both procedures. 
9. Complications of piggyback technique 
Complications of PB technique are well described in the literature although some distinction 
should be done according to the type of modification within the PB technique.  
The reported morbidity is as low as 4% and the overall mortality is 0.7% (Navarro, 1999).  
The main concern about PB technique is venous outflow obstruction. However, some other 
adverse effects related to PB technique and its modifications must be taken into 
consideration. 
Intraoperative complications are basically related to bleeding or malposition of the graft and 
account for 2.5 %. Tears in the cava and release of the anastomosis running suture, were 
described as well as congestion of the graft after portal revascularization due to graft 
rotation. All of these complications can be satisfactorily resolved during the operation 
(Parrilla, 1999). 
The most significant complication of the PB technique in the postoperative period is the 
occlusion of the venous outflow. This can be a dramatic situation and may occur in the 
perioperative, immediate postoperative period, after the first postoperative week (25%) 
(Horton, 2008) or years after the transplant (Brosstoff, 2008). The incidence is rather low, 
0.54-7%, but the mortality rate in such cases may be as high as 24% (Navarro, 1999; Nishida, 
2006). The causes of outflow obstruction include inappropriate size of the hepatic 
anastomosis, malrotation or twisting of the anastomosis, direct compression of the graft, 
excessively tight sutures, and caval thrombosis. Late causes are likely secondary to intimal 
hyperplasia and fibrotic changes resulting in anastomotic stricture formation.  
Hepatic venous outflow obstruction results in Budd-Chiari syndrome. The patient presents 
with, abdominal pain, weight gain, ascites, lower extremity edema, pleural effusion, hepato-
splenomegaly, worsening hepatic function and eventually loss of the graft (Wang, 2005). A 
recurrent Budd-Chiari syndrome has been also described with an incidence as high as 27% 
(Horton, 2008). In these cases lifelong anticoagulation is recommended. A chronic outflow 
obstruction may occur after several weeks with massive ascites as main symptom (Parrilla, 
1999). 
In order to prevent this adverse event some modifications of the piggyback technique have 
been described in the last decades. One modification consists on a side-to-side anastomosis 
at the anterior face of the recipient cava (Belghiti, 1992). The incidence of Budd-Chiari 
syndrome is reported to be lower, 0.7% compared to 2.4% in the classic PB technique 
(Navarro, 1999) and 7 out of 500 cases in Meherabi series (Meherabi, 2009). Parrilla also 
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reported a decrease in the incidence from 1.6 to 0.28% when using a patch obtained by 
joining three instead of two hepatic veins when doing the anastomosis (Parrilla, 1999). The 
anastomosis performed, as previously described by the authors, is wide enough to allow a 
good flow and the liver is anchored securely. 
After graft reperfusion the restoration of the venous return results in a sudden central 
volume overload that can cause pulmonary edema. A decrease greater of 50% in median 
arterial pressure for more than one minute is described as “reperfusion syndrome” and has 
been reported in 30% of cases (Figueras, 2001) and two cases out of 1361 transplants 
presented with hemodynamic shock on reperfusion (Navarro, 1999). The PB technique has 
been found to be associated with more pulmonary infiltrates (Isern, 2004), but this was not 
clinically relevant or statistically significant when compared with the classic technique 
(Gurusamy, 2011). 
10. Treatment of complications of piggyback technique 
Hemorrhagic complications during the anastomosis performance or in the early postoperative 
are usually well controlled. Tears, anastomotic bleeding, loose running sutures are repaired. 
However in some cases, new anastomosis or modifications must be done, as a new side-to-
side cavo-caval reanastomosis. Special care must be taken in these situations since gaseous 
embolism and graft ischemia due to vascular clamping have been reported with negative 
consequences. (Navarro, 1999) 
Intraoperative liver simple congestion due to outflow problems because of malrotation or 
excessive tension of the anastomosis for discrepancies in size of the graft might be resolved 
by accommodating the liver to recipient bed, suturing the falciform ligament to the 
diaphragm or even using breast prosthesis as the authors have used in a case with poor 
positional drainage (Fig. 10.). 
 
Fig. 10. Picture showing the breast prosthesis (yellow arrow) and the partially compromised 
caval flow (white arrow) 
Treatment of Budd-Chiari syndrome varies from simple rotation of the graft to re-
transplantation. Nevertheless, depending on the mode of onset of the syndrome the 
therapeutic procedure will vary. Acute presentation, in the first hours-days, will be more 
suitable for open surgery. This may involve re-anastomosis (with thrombectomy if 
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necessary), conversion to standard liver transplant technique or emergency retransplantation, 
if the graft is seriously injured. Also a “bridge” end-to-side anastomosis with infrahepatic 
caval stump (Stieberg, 1997) could be performed, as we had performed twice before this 
technical solution was reported (Fig. 11.). 
 
Fig. 11. Above: Drawing from operation report form of our first “bridge” case on November, 
23th 1993. Below: Cholangio-NMR, 173 monts after the transplant showing adecuate flow 
through graft’s caval stump. Black arrow: Recipient’s cava. Yelow arrow: Graft’s caval 
stump, functioning as bridge flow (compare with Fig. 9. Image A) 
In a later onset of the obstruction, or even in an acute phase, non-surgical approaches have 
been described. A variety of treatment options have been proved useful. Thrombolysis with 
streptokinase was successfully used in a caval thrombosis. Diuretics can be used to control 
late and chronic BCS that manifests as massive ascites (Parrilla, 1999). However, the most 
commonly reported non-surgical approach is endovascular stent placement and 
endoluminal anastomotic dilatation (venoplasty). In the setting of a scarring and fibrotic 
stenosis, the endovascular route represents a less invasive and less risky option (Sze, 1999) 
and 100% success rate has been reported. The only reported complication is stent migration. 
Balloon dilatation can be repeated, if single dilatation does not resolve the stenosis 
permanently. 
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Late diagnosis is the most important single factor that affects the outcome. Delayed 
diagnosis can lead to a hepatic failure that will in turn make the treatment ineffective. In fact 
the best way to treat outflow problems is to prevent its occurrence. The length of the upper 
IVC of the graft should be kept short to prevent kinking; the length of the anastomosis is 
also important to allow good venous outflow. In addition, when the anastomosis is 
constructed using two hepatic veins (middle and left) instead of the three hepatic veins, the 
incidence of intraoperative congestion and acute and chronic BCS are significantly higher 
2.4% vs. 0.7% (Parrilla, 1999).  
In summary, outflow obstructions related to PB technique must be rapidly addressed and 
resolved since the risks of liver failure and mortality are high. Surgical approach may be 
inevitable but less aggressive non-surgical measures can be also effective, even in the first 
postoperative days, with a fresh anastomosis (Wang, 2005) 
11. Evolution of IVC preservation as the technique of choice for venous 
outflow drainage in the OLT 
Since the first case of our transplantation program on November 1990, we have performed 
503 orthotropic liver transplantations. Piggyback technique was performed in 502. The 
“classic” technique was performed in only one case with a huge liver due to polycystic 
disease. 
Since 1994, there were no series in the literature supporting the routine use of the piggyback 
technique although it seemed to us that it could be routinely used in a safe way (G. Fleitas, 
1994). Subsequently, larger series have demonstrated its utility (Parrilla, 1999), although the 
variability of the technique, mainly regarding to the venous outflow handling is very big. 
 
Fig. 12. European group patient survival (Source: European Liver Transplant Registry) 
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12. Valdecilla liver transplantation program 
Our liver transplantation series started in November 1990, having already performed  
until 24 August 2011, 503 liver transplantations in adult patients (460 transplants, 41 
retransplantations and 2 third transplantations). Their main characteristics are summarized 
in the following table, being similar to the other Spanish and European groups. 
media (SD) 46.5 (18.8) DONOR AGE 
n = 503 median (Range) 47 (30-62) 
media (SD) 59 (11) RECEPTOR AGE 
n = 460 median (Range) 65 (27-84) 
OH related Cirrhosis 35.5% 
Virus Related Cirrhosis 
22.25% 
(Ratio CVRC/BVRC = 8:1) 
Hepatocellular carcinoma 29.75% 
Fulminant Hepatitis 4.75% 
INDICATIONS 
n = 503 
Others 7.75% 
Normal Re-Transplantation 43 (8.54%) 
RE-TRANSPLANTATION 
Urgent Re-Transplantation 5 (0.99%) 
SD=Standard deviation; CVRC=C Virus Related Cirrhosis; BVRC=B Virus Related Cirrhosis 
 
Table 1. Year survival rate comparing our series with the rest of the spanish liver transplant 
team (Source: Spanish Liver Transplant Registry; Dec. 2009). Resto=Others 
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In all cases of our series, the piggyback technique has been used, with the exception of one 
case of policystosis and inflammatory adhesions at the retrohepatic IVC. There was a case of 
the “situs inversus”; the donor, graft implantation was made to the right hepatic vein of the 
recipient by making necessary the caudal cavotomy enlargement (Herrera, 1996). In five 
cases, “de novo” cavotomy was performed, because of hypoplasia or “malposition” of the 
hepatic veins. 
CASE PROBLEM SOLUTION RESULT SURVIVAL 
1º Huge graft Re Tx 48 h. Alive 241 months 
2º Technical Hanging liver and Re Tx Dead 8 days 
3º Technical Bridge Alive 226 months 
4º Unknown Bridge Alive 221 months 
5º Huge graft Re Tx Alive 74 months 




7º Budd-Chiari Endo-prosthesis cava Dead 1 month 
(Re Tx=Retransplantation; HCC=Hepatocellular carcinoma) 
Table 2. Complications and mortality related to a bad drain of the graft in our series 
 
Fig. 13. Liver graft from a “situs inversus” donor 
13. Conclusion 
The main advantage of liver transplantation with caval preservation are of hemodynamic 
nature including, maintenance of the venous return to the heart during the procedure, thus 
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providing, considerable hemodynamic stability, and avoiding the use of the veno-venous 
bypass to keep a good infrarenal venous pressure that provides an adequate renal filtration 
(Casanova, 2002). The extended use of piggyback technique in liver transplantation is 
mainly due to its hemodynamic advantages (Moreno, 2003). It has allowed to the 
performance of liver transplantation without the need for temporary veno-venous bypass. 
Although controversial issues have been raised, the use of veno-venous bypass is related to 
the preferences in each institution (Fonouni, 2008) rather than to its advantages, for which 
there is no supporting evidence nowadays (Gurusamy, 2011). In addition, avoiding the use 
of veno-venous bypass, minimizes the coagulation problems that happen on the surface of 
the bypass tubings. Another important advantage of the Piggyback technique is the better 
exploitation of grafts that allows using smaller grafts, with the accompanying disparity in 
the size or with unfavorable anatomy, as the case in “situs inversus” donors (Herrera, 1996) 
(Fig. 13.).  
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